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NEDO GaN HB-LED 
HVPE project 
 Nippon EMC Ltd is Japan’s oldest and most suc-
cessful manufacturer of metal-organic phase 
vapour epitaxy (MOPVE) systems. The compa-
ny was awarded a New Energy and Industrial 
Technology Development Organization (NEDO) 
grant for the development of hydride vapour 
phase epitaxy (HVPE) systems for mass 
production of GaN substrates. The results 
of the new NEDO project will contribute to 
increasing demands for Group III nitride-
based semiconductor devices for next gen-
eration DVD, high brightness LEDs and high 
frequency, high power nitride heterostructure 
electron devices for telecoms.
Established in 1980, Nippon EMC Ltd. was one 
of the first companies in the world to manufac-
ture MOVPE systems for growth of III-V com-
pound semiconductors. With approximately 110 
employees, EMC is the largest manufacturer of 
MOVPE systems in Japan, having delivered over 
200 MOVPE systems to universities, research 
institutes, and corporate semiconductor manufac-
turers in this country over the last 26 years. 
Dr Masashi Mizuta is one of the company’s direc-
tors and emphasizes that, “We provide full opera-
tional support to our customers. Not only do we 
guarantee the crystalline quality of the materials 
grown using our systems but also provide total, 
long term support with maintenance of reactors 
and peripheral equipment.”
At the Tama City R&D Center, the company has 
cleanrooms housing MOVPE systems for growth 
of phosphide/arsenide compounds and Group III 
nitride semiconductors (Figure 1). 
The optical, electrical, and crystalline properties 
of demonstration epiwafers are characterized by 
XRD, SEM, AFM, and photoluminescence equip-
ment located in adjacent clean rooms.
Nippon EMC manufactures three main types of 
MOVPE systems:
• EpisolLab: growth of up to three one-inch 
wafers or one four-inch wafer. 
• Episolunison: 56 one-inch, 14 two-inch, 
10 three-inch, 8 four-inch or 5 six-inch 
wafers.
• Episolchariot: has the distinction of incor-
porating two reactors in order to eliminate 
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Figure 1. MOVPE systems in the clean room of Nippon 
EMC Tama R&D Centre.
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down time should one of the reactors require 
servicing, or during loading and unloading 
wafers. Each reactor enables the growth 
of the same sizes and quantities as the 
Episolunison reactor system.
The unique features (Figure 2) of the reactors 
are: (1) face down substrate installation to pre-
vent damage to growth surface; (2) six independ-
ently controllable concentric heating zones; (3) 
geared, independent self-rotation of substrates 
(both revolution and self-rotation); (4) introduc-
tion of gases along a central axis and horizontal 
flow over the substrates in the growth zone; 
(5) automated load lock operation and wafer 
transfer; (6) integrated block valve and mass flow 
controller unit.
These reactors enable growth of 2.7 µm thick 
two-inch GaN epilayers on sapphire substrates 
with thickness variation of ±0.1% across the 
wafer (Figure 3).
Figure 2. Features of Nippon EMC 
MOVPE systems. Diagram and a 
photograph of an actual reactor. 
Figure 3. Uniformity of GaN epilayers. 
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In spite of the success in Japan, Nippon EMC 
has not expanded its operations overseas. Dr. 
Mizuta explains that, “We recently set up an 
office in Las Vegas to gauge the potential in 
the USA. Our operational model is based on a 
total solution thus we would have to train staff 
to support overseas sales. We are studying the 
situation at the moment and if there is enough 
demand to justify increasing support staff then 
we would like to expand our operation to the 
USA and EU.”
The company was recently awarded a grant by 
Japan’s NEDO for a one and a half year project 
on the development of HVPE systems for pro-
ducing GaN substrates. The project reflects the 
growing need for high quality GaN thin films 
for production of laser diodes for high defini-
tion DVD applications; high brightness LEDs 
(>150 lm/W); ultraviolet light sources to replace 
conventional mercury lamps used in photo-
lithography; and high power, high frequency 
AlGaN/GaN heterostructure electron devices 
for telecommunications. Growth of GaN films 
on GaN substrates is expected to dramatically 
reduce dislocation density and hence improve 
the performance of group III nitride semicon-
ductor devices. 
Currently there is an annual demand for 
10 million GaN-based LDs for Blu-ray and HD-
DVD applications. Fulfilling such needs neces-
sitates ~10,000 wafers, which would require 
a manufacturing capability of several hundred 
wafers per month. 
The price of a single two-inch GaN substrate is 
approximately one million JPY. This price must 
also be reduced to meet the increasing demand for 
GaN substrates. However, the technology does not 
currently exist to meet the increasing demands for 
high quality and low cost GaN substrates. 
Nippon EMC is developing HVPE systems based 
on the reactor design shown in Figure 4. The 
main design feature of this reactor is a pressure 
control mechanism for adjusting the pressure of 
the gas emerging from the vessel containing the 
gallium melt after the reaction of the gallium and 
HCl. A vacuum pump is used to control the pres-
sure of the whole reactor. By appropriate con-
trol of the reactor pressure, Dr Kiyohide Wakao 
(Figure 5) and other engineers at Nippon EMC 
expect to be able to produce extremely thick 
layers of GaN-on-sapphire or other appropriate 
substrates, irrespective of their location in the 
reactor. The target for the 18-month project is to 
produce conducting, two-inch GaN substrates 
with a thickness of 500 µm. The conductivity of 
the substrates will be controlled using appropri-
ate dopants. 
In naming his new enterprise, the founder 
of Nippon EMC Ltd. was inspired by Einstein’s 
equation from the 1905 ‘Annus Mirabilis’ 
papers relating the equivalence of energy (E) 
with mass (M) and the speed of light (C). The 
mass production of GaN substrates will no doubt 
be a major step in the advancement of the mod-
ern optoelectronics industry, the scale and impli-
cations of which were perhaps even beyond the 
imagination of Einstein and his contemporaries.  
Adarsh Sandhu is a professor at the Quantum 
Nanoelectronics Research Center, Tokyo 
Institute of Technology.
Figure 4. HVPE system being developed for producing GaN substrates, with 
partial funding from NEDO. 
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Figure 5. Dr Kiyohide Wakao and Dr Masashi Mizuta.
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